These matrices include both raw numbers and ars of the court to set empirical benchmarks to evaluate individual terms. For instance, the 2005 term, with an aggregate agreement of 70%, was the high water mark for agreement amongst the Court over the past 50 terms.' At least one scholar has described this as a "quiet term."' Now, with the Aggregate Harmony Metric, we can empirically demonstrate that the term was unique. It was indeed a statistical outlier, a bit removed from the mean of 60% total Justice agreement for the fifty-year span.
II. PRIOR WORK
A. VOTING (Table 7) ."1
In addition to the Harvard Law Review, others have published voting alignment and other data about the various terms of the Court. John Sprague published voting alignment data for as early as 1916.' 7 At least as early as for the 1995 term, United States Law Week has published voting alignment matrices." In addition, The National Law Journal also publishes voting alignment data. '9 Since the 1986 Term, a group of scholars has been publishing annual reviews of the Supreme Court with data such as liberal and conservative trends, voting for the government versus voting for private parties, breakdowns by civil and criminal cases, and other distinctions. 2 22 The data for these tables comes from a freely available database known as the U.S. Supreme Court Judicial Database. " The U.S. Supreme Court Judicial Database was created by political scientist, Harold J. Spaeth, 24 and is widely used by the political science community. The database has been cited by law school scholars, and some note its discrepancies 5 with the Har-
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COURT: CASES IN FEDERALISM, 1889-1959 (1968 40 Also, there is a group of scholars that has employed MDS to map social networks associated with various legal issues. These publications include spatial maps of the networks"' that are very similar to those produced in information science or social network science. Additionally, this author did a MDS analysis of top level West Topics in Supreme Court opinions over a sixty year span with the goal of creating a domain map of the Supreme Court topic space for teaching purposes.
The use of MDS to produce visualizations of voting patterns in courts appears to have originated from its use to produce visualizations of Congressional roll-call votes. "3 Grofman and Brazill have applied MDS to voting patterns of the Supreme Court. However, their focus has been to reduce the multidimen- sional space to one dimension. In other words, they use MDS to produce a linear continuum of the Justices serving on any particular natural court (composed of nine Justices) to identify the central or median Justice. At least one scholar has produced two dimensional layouts of a particular Court term using MDS. 49 However, the resultant visualizations are contained on a course website and appear to be more of a demonstration of the technique than an attempt to garner insight into the Supreme Court."
D. NETWORK VISUALIZATIONS AND THE LAW
Because this article uses network visualization techniques to visualize the relationship of the Justices based on their voting behavior, it is appropriate to survey the growing body of legal scholars doing similar work with legal networks. Smith, Cross and their collaborators utilize a dataset of the citation interlinkages of every federal and state case on Lexis as well as the citation interlinkages of 385,000 legal journal articles. Table 2 . 54. The 0 method counts the number of agreements in "opinions of the Court (0)" as indicated by the cell corresponding with any two Justices for that particular term. The 1956 Term, supra note 2, at 103 tbl. IV, n.k. Subsequent issues would define the method as follows: " '0' represents the number of decisions in which a particular pair of Justices agreed in an opinion of the Court or an opinion announcing the judgment of the Court." The 2005 Term, supra note 2, at 376 tbl. I, n.g. 55. The S method counts the number agreements in "separate opinions including concurrences and dissents" as indicated by the cell corresponding with any two Justices for that particular term. The 1956 Term, supra note 2, at 103 tbl. IV, n.k. Subsequent issues would define the method as follows: " 'S' represents the number of decisions in which two Justices agreed in any opinion separate from the opinion of the Court. Justices who together join more than one separate opinion in a case are considered to have agreed only once." The 2005 Term, supra note 2, at 376 tbl. I, n.g. The language as to Justices who "join more than one separate opinion in a case are considered to have agreed only once," did not come about until the 1996 Term. The 1996 Term, supra note 2, at 433 tbl. I, n.f. Thus, one would have to look at actual cases and voting patterns to see if the method was done consistently over the entire dataset.
56. The D method was introduced for the review of the 1987 term. " 'D' represents the number of decisions in which the two Justices agreed in either a majority, dissenting, or concurring opinion." The 1987 Term, supra note 2, at 252 tbl. I, n.f. It was in response to the problem of aggregated 0 and S totals leading to greater than 100 percent agreement. See id. ("It should be noted that the 'P' totals have been computed differently than they have in past versions of this table. In the past, the 'P' line was calculated by dividing the sum of the '0' and 'S' lines by 'N.' This method of calculation overstated P whenever two Justices had agreed more than once in any one decision.") 57. The N method counts "the number of times that the Justices participated in the same case. The visualizations that are Charts 4 and 5 were produced with the multidimensional scaling (MDS) algorithm embedded in the R statistical software package."" The mathematics and principles behind MDS have been written about extensively 6 l and will not be replicated here. Because the technique is based on the notion of distance, I subtracted the co-voting percentages from 100 to get distance integers-the larger the number, the greater the distance between Justices and vice-versa. Poole eloquently analogizes the MDS layout process to that of taking the mileage matrix of miles between cities found on many highway maps and creating a spatial distribution of the cities from that matrix. 2 It is worth noting that with data that is not inherently spatial to begin with, there might be inherent stress in making everything fit. Also, a user can decide how many dimensions to which he or she wants to reduce the data with differing levels of stress. Because the first two dimensions capture the most variance in the data, these are what are represented in Charts 4 and 5.
The MDS algorithm is a deterministic process. This means that repeated processing of the data will produce similar spatial could be derived automatically from the 0 and S matrices, the author did not input the data for this value by hand. The same is also true for the P Method. This is true whether "P" is derived by dividing "T" by "N" (T/N) as it was prior to the 1987 Term or by dividing "D" by "N" as it was for the 1987 Term and following. To produce additional visualizations of the voting relationships on the Court64, I used the spring force layout algorithm embedded in the network analysis software Pajek."' Network analysis is based on nodes and links. As to my data, the Supreme Court Justices became the nodes, and the links between them were a varying quantity corresponding to their percentage covoting agreement. The spring force layout algorithm used by the software is analogous to all the nodes being pulled together by rubber bands with the strength of the pull (and thus the proximity of the layout of the nodes) determined by the weight of the link. (Links are sometimes called edges and in this case are measure of co-voting percentages.) The layout algorithm is stochastic. This means that repeated processing of the data will produce different images. However, with complex node and link structures, the resultant images look more or less the same. (The orientation may be different and some nodes will be slightly different compared to each other.) However, the advantage of the network layout approach is that it can accommodate instances in which there are no ties between nodes as in the layout of all the Justices in the fifty-year dataset. MDS, because it is based on distance, cannot handle such a structure in which there are entities that have no relationships. (A zero value corresponds to no distance and the two items are thought to be right on top of each other.)
See infra

IV. OBSERVATIONS, INSIGHTS AND FUTURE DIRECTIONS A. AGGREGATE HARMONY METRIC
The impetus for the Aggregate Harmony Metric is my desire to produce normalized spatial visualizations of the voting agreement per term for the entire fifty years of the dataset. In other words, I want to produce visualizations similar to Charts 4 and 5 for each Term of the Court and then combine them in an animation. However, it occurred to me that for the more rancorous, divisive terms that the Justices should be displayed further apart in the voting space. Similarly, for terms with high aggregate agreement, the Justices should be portrayed closer together. The Aggregate Harmony Metric functions as a simple means to make such an evaluation. Table 1 provides the Aggregate Harmony Metric for each Term of the Court in the column labeled Aggregate Percentage Agreement (0 Method). As can be seen from the line graph in Chart 1, the aggregate percentage agreement for the Court appears to seesaw through the fifty years of the dataset-from a low of 50% to a high of 70%. The low value of 50% is for the 1970 Term. This was the outset of the change of direction from the more liberal Warren Court to the more conservative Burger Court. Justice Blackmun had just been appointed and was still voting solidly with his childhood friend, Chief Justice Burger (78% voting agreement using the Harvard Law Review 0 Method 6 8).61 Indeed, a contemporaneous account observed that "the Warren Court momentum has been brought to a screeching halt ' 7 by the two new Nixon appointees Burger and Blackmun. At first glance, an Aggregate Harmony Metric of 50% seems implausible. 7 As to the 1970 Term, however, of the 122 full opinions, less than 20% were unanimous (23).72 Furthermore, "there were fifteen major cases ... in which the Court was so split that the cases were decided without a majority opinion." 73 This is in contrast to two such cases for each of the two previous terms.1 4 Additionally, seven cases were decided by a four to four vote 7 " and there were twenty cases decided by a four to five vote."
See The
Contrast this to the 2005 Term in which 44% of the cases were unanimous (36 out of 81) 7 7 and there were only nine, five to four decisions." This "quiet" year had the highest Aggregate Harmony Metric (70%) of the entire fifty-term span. This was most likely the result of several things: (1) O'Connor participating in twenty-four of the least controversial written opinions at the beginning of the term while Alito was going through the confirmation process; (2) the transition time after O'Connor's announced retirement and Rehnquist's death in which the Court might have been less likely to grant certiorari in controversial cases; and (3) efforts as to consensus building by the new Chief Justice Roberts. Table 3 displays the mean, median, mode, and various quartile distributions for all fifty of the Aggregate Harmony Metric values. Table 4 reports the Aggregate Harmony Metric values for the tenure of each of the Chief Justices in the dataset. Consistent with the conventional understanding of the history of the Supreme Court, the Burger Court was a transitional time between the more liberal Warren Court and the more conservative Rehnquist Court. As might be expected, the Court of transition (the Burger Court) has a lower Aggregate Harmony value (57%) than either the Warren Court (59%) or the Rehnquist Court (60%). Table 5 Terms (1956 Terms ( -2005 is the ability to see the highest and lowest voting agreement percentages between any two Justices over the span of the dataset. Tables 1, 2 , 4, 6, 7, 8, and 9 and Chart 9 report various aspects of these voting superlatives. One can see that Warren and Marshall are at a fifty-year high for those having decided more than 100 cases together (88%)."' Indeed, Stephen Wermiel noted Marshall's proclivity to vote with Brennan in his analysis of the first ten years of Justice Thomas's tenure on the Court in regards to the assertion that Thomas was a "Scalia clone.""' In fact, the percentage of voting agreement between Scalia and Thomas for the time range of the dataset is 67%.12 This value is not even in the top twenty-five. " Nor is it even in the forth quartile. ' Similarly, the polemic nature of Justice Douglas is evident in the fact that he is one of the Justices in each of the first six, lowest voting agreement percentages."
There is utility in such measures. For one, the data might be of use to those scholars evaluating the "Freshman Effect. Also, it provides an empirical means of assigning labels. For instance, those in the fourth quartile might be considered ideological allies while those in the first quartile might be considered ideological opponents. Additionally, I plan to use the data to modify subsequent spatial layouts of the Justices based on their voting agreements. For instance, for those Justices whose voting agreements place them in the second and third quartiles, I plan to retain their actual distances as represented by the layout algorithm. However, I think it would be useful to double the distance of those in the first quartile and halve the distances for those in the forth quartile." This "distortion" would serve to heighten the relationships between Justices and reveal more strongly those that are ideologically close together and those that are ideologically far apart.
See infra
C. VISUALIZATIONS
As an information science researcher, I am actively involved in the creation of knowledge domain visualizations (KDVs). KDVs are the "graphic rendering of bibliometric data designed to provide a global view of a particular domain, the structural details of a domain, the salient characteristics of a domain (its dynamics, most cited authors or papers, bursting concepts, etc.) or all three." ' KDVs (also known as domain maps) respond to the desire of cognitive and educational psychologists to give learners "a big picture, a schema, a holistic cognitive structure[." Chart 3 provides such a big picture overview of the last fifty terms of the Supreme Court. There is an implied element of time moving from left to right. Viewers get a rough sense as to which Justices served with whom. Long serving Justices are pulled to the center of the diagram.
Additionally, it is my vision that Chart 3 will soon function as the navigational frontispiece of an online, informational website about the Court. By selecting two Justices, viewers would see their co-voting percentages as well as how these percentages compared to their contemporaries on the Court. Furthermore, 4 The status of O'Connor and, to a lesser extent, Kennedy, as swing voters is visually portrayed in Charts 7 and 8. In Chart 7, using the network graphic metaphor (nodes and edges), the lines between the Justices represent those voting together greater than 50% of the time in non-unanimous cases. This effectively communicates O'Connor's swing vote status between the liberal and conservative voting blocs for the time span. When the threshold is lowered by a mere percentage point as is the case in Chart 8, it can be seen that Kennedy also serves as an occasional swing vote between the liberal and conservative voting blocs. These visualizations effectively convey to a novice what almost every constitutional scholar or political scientist already knows. Just how effectively awaits rigorous user testing.
V. CONCLUSION
The Aggregate Harmony Metric is a tool to evaluate the relative rancorousness of the various terms of the Supreme Court. The insight from this metric is enhanced by knowledge of the all time high or low co-voting percentages between the Justices. Additionally, visualizations help to make the knowledge of veteran Court watchers quickly available and digestible to novices. All of this work responds to my desire to provide insights as to the Court for use in teaching (pedagogy). I think that metrics and visualizations can go a long way towards making the tacit knowledge of expert scholars of the Court available to both law students and the general public. Hard work, data mining, statistical data crunching, and visualization tools with built-in layout al- 
